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Abstract 
Several mathematic models were developed to predict the logical inventory in different package strategies and 
distribution models. The research found that the package postponement strategy could decrease inventory comparing 
with normal situation. Some impact factors of inventory, such as the uncertainty of demand, relativity of demand and 
the change of packaging amount, were discussed. 
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1. Introduction  
Inventory is very important in the supply chain. To meet customer’s requirements under lowest cost, 
manager have to effectively find the way to predict the storage and its changing laws.  The right inventory 
strategy will decrease the cost of supply chain and promote the service quality [1][2].  
In this research several mathematic models were developed to predict the logical inventory when 
quantity demands of customers are expressed by the normal distribution and uniform distribution, 
respectively. The impact factors of inventory, such as the uncertainty of demand, relativity of demand and 
the change of packaging amount, were discussed.  
2. Package postponement strategy  
 Along with the globalization of business, manufactories have to design different package version to 
adapt to different languages and culture for the same product.  
In the past, in order to improve the response speed and achieve the high customer satisfactory, 
enterprise has to hold large inventories for each individualization packaging products. But in today's 
rapidly changing market, laws of uncertainty of demand become more and more difficult to capture. 
Meanwhile high inventory holding costs and the risk of inventory expired make large inventories holding 
impractical. Therefore, enterprise must find a new way to solve the inventory increasing issue due to 
business needs diversification of globalization[3][4]. 
Package postponement strategy is a postponement method to complete the final package by the 
centralized control of inventory only when the demands are confirmed. It was found that package 
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postponement strategy can decrease inventory to certain degree and increase the profit of the enterprise 
under the situation of increasing customization [5][6][7] 
3. Mathematic models of inventory 
To simplified model development, suppose there is a product which be sold by different package style. 
The amounts of product in different package are continuous and integrable. Each individual difference is 
just the amount of package. The customer demands for different package styles are independent, and only 
depend on the amount of packing. 
3.1 Service level  
Service level shows the degree of customer’s satisfaction. The sum of service level and stock out level 
is 100%. They are interactive changing. The stock out level is difficult to be quantized, and normally 
expressed by service level. Suppose the rate of stock out isα , the service level isβ , and then the 
relationship will be express as: 
1β α                                       (1) = −
3.2 Statistics related with stock 
In one order cycle time, the average of customer needs isμ , the expectation of stock out is E , and 
the rate of stock out could be regarded as: 
)(SO
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Therefore, the service level β should be expressed like: 
μ                                                     (3) /)(1 SOE−=β
β , the average of customer needsEquation (3) shows when any two of service level μ , and the 
expectation of stock out  are known, the third parameter could be determined.  )(SOE
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3.3 Inventory model in usual situation 
In one order cycle time, the demand for product , ( = ), is a random variable . The 
expectation and variance of  are 
iX
iX iμ  and iσ , respectively. In this case, from equation (3) the 
expectation  could be expressed as: )( iSOE
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In usual situation, when the quantity demand of product is , and the probability density of demand 
( ) is , the expectation of stock out could be regard as the function of the maximum inventory S . 
                                      (5) 
For a continuous probability distribution, in an order cycle the probability of satisfied demand is service 
level β which could be express as following. 
∫= iS ii dxxf0 )(β                                              (6) 
β  is given, the maximum inventory of the product ( ) could be achieved.  When the service level iS
∑
=
⋅=
m
i
iiN SnI
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Therefore, in usual situation, whole inventory of products could be regarded as following. 
                                              (7) 
where  is the packing quantity of  product . 
3.4 Inventory model under package postponement strategy 
In package postponement strategy, products are centralized control in bulk or unit packing. When the 
demands are confirmed the final packing could be complete. Suppose Y is the total demand quantity for 
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product in one order cycle, which is a random variable.  is satisfied demand quantity. y Y is linear 
combination of  which is usual situation. iX
1 1 2 2
1
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m
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=
= = + + +∑                                      (8) 
Y  are The expectation and variance of pμ  and pσ , respectively. Therefore, pμ  and pσ could be 
regard as following: 
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m
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where are packing quantity of products in usual situation. ρ is the related coefficient among 
, which is the degree of correlation among different packing product. iX
pI
∫∫ ⋅−=
Hence, the expectation of stock out could be expressed by whole inventory of products under package 
postponement strategy, . 
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                              (11) 
When the service level β  and probability density ofY , , are given, could be achieved by 
equation (11). 
)(yf pI
L ),( ba a
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3.5 Inventory models in different demand distribution 
Due to demand uncertainty factors of demand, the distribution of demand normally is random 
distribution. Two  inventory models will be developed when the distribution of demand satisfied uniform 
distributed and normal distribution. 
• Uniform distribution 
Uniform distribution can describe demand which changes a lot and approximate linear. In one order 
cycle , demand satisfies uniform distributionU , which means the minimum of demand is  and 
the maximum of demand is . In the cycle, the average of demand μ is 
2
ba +  and the variance of 
demand is2σ
12
)( 2ab −
pI
.  
Submit all these parameter into equation (11), whole inventory could be achieved. 
)()(2 SOEabbI p ⋅−−=                                    (12) 
• Normal distribution 
Normal distribution can be used to describe the continuous demand. In this case, the possibilities which 
demand over or under the average number are equal. In actual inventory system, demand satisfies normal 
distribution. Fig.1 shows the relation between inventory and safe inventory. 
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Figure 1. The relation between inventory and safe inventory 
 When the rate of demand is constant, and one order cycle  passed, the inventory decreased to 
point B. When the rate of demand increases to , the inventory will decrease to the point C. To assure 
the inventory is not zero, when the rate of demand increase, the inventory must have a reserve. This reserve 
is the safe inventory . 
d L
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Suppose in one order cycle, distribution of demand satisfies normal distribution. The probability 
density is
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Therefore, the whole inventory could be regards as: 
μ
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4. INFLUENCE OF PACKAGING STRATEGY ON INVENTORY   
To discuss the influence of package postponement on inventory, a new parameter is introduced. This 
parameter is rate of inventory decreasing R .  
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In following research, suppose the order cycle is 1, the whole expectation of demandL pμ is 2000, 
the product is sold in two packing style and , and the service level is 98%. 1X 2X
1 2 1000
4.1 uncertainty demand and inventory 
In statistics, the uncertainty of demand is embodied in coefficient of variation which is the quotient of 
standard deviation and expectation of demand. The bigger the coefficient is, the stronger the uncertainty of 
demand is.  
Suppose μ μ= = 2000p, μ = 1 2 1n n，and = = . From equation (16) and (17), Fig 2 is 
achieved. 
 
Figure 2. Uncertainty demand and inventory 
Fig. 2 shows in both uniform and normal distribution when the coefficient of variation increases, the 
rate of inventory decreasing increases. In other words, the more uncertainty of demand, the more benefit 
could be achieved in package postponement strategy. For today’s market, customers seek personalization 
and the demands change quickly. The package postponement strategy is good to decreasing the inventory 
of enterprise. 
4.2 Relativity of demand and inventory 
The relativity of demand shows the substitution relation among products, and it also is a characteristic 
quantity of individual requirement.  
Suppose 1 2 1000μ= = 2000p, = 1 2 1n n，andμμ = = . The coefficients of variations are same. The 
relationship between relativity of demand and inventory decreasing is shown in Fig. 3.  
 
Figure 3. Relativity of demand and inventory 
Fig. 3 shows the bigger the relativity is, the lower the rate of inventory decreasing. When the relativities 
of demand are independent or negative, which means trends of individual demand are strong, the package 
postponement will give more benefit to the inventory decreasing.  
4.3 Packing number and inventory 
1 2 100μ = μIn previous discussing, all packing numbers are 1. Now suppose = 1 2 20+ =
1 1 2 2 2000
and n n . 
Therefore, we still have n n pμ μ μ= = . From equation (16) and (17), Fig.4 could be obtained.   +
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Figure 4. Packing number and inventory 
In Fig. 4, it is very clear that when the different of packing number is smaller, the package 
postponement strategy will show bigger effect.  
5. CONCLUSION  
In previous analysis, no matter what the distribution of demand is, uniform distribution or normal 
distribution, package postponement strategy could effectively decrease the inventory in the same service 
level. In following research, the costs will be predicted when package postponement strategy is adopted 
or not. Only when the cost is reasonable or lower, the strategy is beneficial.  
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